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Abstract 
Objective: To determine the antimicrobial efficacy of silver, titanium dioxide and zinc 
oxide nanoparticles against Streptococcus mutans. Material and Methods: Serial 
dilution method was employed for preparing 1%, 0.5%, 0.25% concentrations of the 
three test compounds. ATCC 25175 strain of streptococcus mutans was used to assess 
the antimicrobial activity of test compounds. Equal quantity of BHI broth was dispensed 
in test tubes containing sectioned tooth and to this the prepared bacterial inoculum was 
added. Prepared concentrations of test compounds were added accordingly and 
incubated for 24hrs at 370C. Then, the sectioned tooth was removed and the adherent 
bacteria were transferred into saline solution by vortexing. These suspensions were 
transferred onto sterile blood agar plate to make lawn culture and were further 
incubated at 370C for 24hrs to determine viable bacterial count. The number of colonies 
were counted manually from each plate and recorded for further analysis. Decrease in 
number of colonies represents the effective concentration of the test compound against 
the inhibition of biofilm formation. Results: A significant difference in the colony 
forming units among all three concentrations of silver (Ag), titanium dioxide (TiO2) and 
zinc (ZnO) nanoparticles was noted and the antimicrobial effect of nanoparticles was 
concentration dependent. Inter group comparison of colony forming units with 1%, 0.5% 
and 0.25% of the test compound revealed that the colony forming units on the ZnO 
nanoparticles demonstrated highest value followed by TiO2 and the least were with that 
of the Ag nano particles. Conclusion: Silver, Zinc oxide and Titanium dioxide showed 
significant antimicrobial effects and the antimicrobial effect of nanoparticles was 
concentration dependent. 
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Introduction 
Demineralization of enamel adjacent to orthodontic brackets and bands is a complication 
confronted by every dental practitioner and is a potential risk for individuals who do not maintain 
their hygiene adequately [1]. As maintaining the adequate oral hygiene becomes more difficult in 
these individuals, the decalcification of the enamel surface around the appliances is prevalent [2]. 
Individuals who are undergoing orthodontic treatment are known to be at increased risk for 
developing dental caries because of enhanced salivary and plaque levels associated with 
Streptococcus mutans. With elevated levels of bacteria and meagre oral hygiene maintenance, 
decalcifications can ensue in as little as in one month [3-5]. 
Application of fluoride varnishes, use of fluoride mouthwash, and meticulous oral hygiene 
instructions have been employed to counter the demineralisation. These techniques depend for the 
most part on the consistence of the patient and they give just periodic aegis against decalcification 
[6]. 
Nanotechnology has been used in dentistry to provide enhanced mechanical properties and 
antibacterial effects. These materials contribute for remarkable antimicrobial properties and 
demonstrate comparable physical properties when compared with conventional materials because of 
their small size and increased surface area [7,8]. 
Numerous antibacterial agents have been integrated into orthodontic products and 
authorized for intraoral applications. It has been reported that Streptococcus mutans is sensitive to 
Ag, ZnO and Au, which would permit accomplishing vital clinical effects [9]. Because of its 
antimicrobial activity, Ag has a long history of utilization in medical field. Reduction in the adhesion 
of cariogenic streptococci to orthodontic adhesives is observed by incorporating Ag nanoparticles 
into composite resins [10]. Previous studies have indicated that TiO2 nano-particles exhibit 
significant antimicrobial effects [11]. ZnO powders also display antimicrobial efficacy and shown to 
kill several oral microbes known to contribute to caries [12,13]. With this background the present 
study has aimed at the determination of the antimicrobial efficacy of nanoparticles of Ag, ZnO and 
TiO2 against Streptococcus mutans. 
 
Material and Methods 
Microorganism 
Lyophilized culture of Streptococcus mutans (ATCC 25175)  
 
Preparation of Culture Broth 
Lyophilized culture of Streptococcus mutans (ATCC 25175) was reconstituted by inoculating 
into brain heart infusion (BHI) broth and was incubated at 370C to obtain an overnight broth culture. 
 
Preparation of Blood Agar Plates 
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Blood agar media was prepared by aseptical addition of 10% sheep blood to autoclaved 
nutrient agar at a temperature of 450C and allowed to solidify after transferring into sterile petri 
plates. A loop full of inoculum from overnight broth culture of Streptococcus mutans is streaked onto 
the well dried blood agar plate. This is incubated at 370C for 24hrs to obtain fresh growth of 
Streptococcus mutans. Few colonies from this blood agar culture were emulsified into a sterile 
normal saline using a sterile loop to make a uniform suspension. The density of the bacterial 
suspension was adjusted with sterile phosphate buffer saline (PBS) to match the density of 
McFarland standard 0.5. 
 
Serial Dilution Method 
Equal quantity of 160 mg of Ag, TiO2, ZnO nano particles were weighed and stored in a 
sterile container. These were added to three different test tubes containing 4ml of BHI broth which 
represents 4% concentration of the compound (10mg of test compound in 1ml BHI broth = 1% of 
test compound). 
 
Serial Dilution Method for Ag Nanoparticles Group  
Three test tubes containing 2ml of BHI broth were obtained. To these test tubes sectioned 
tooth was added and the tubes are labelled as 1%, 0.5% and 0.25% which denote the amount of test 
compound within each group. 1ml of the above mixed solution is now transferred into the second 
tube labelled as 1%. Following the transfer of the compound, the test tube is vortexed to allow for 
complete mixing of the compound with the BHI broth. The same technique was done for, 0.5% & 
0.25%. 2ml from the last tube (0.25%) was discarded and thus all the test tubes contained the 
respective concentration of the test compound with equal quantity (2ml) of BHI broth. 
Similar method was employed for all the other test compounds (TiO2 and ZnO). A drop of 
standard bacterial suspension is added using a sterile dropper to all the test tubes.  
 
Determination of Efficacy against the Inhibition of Streptococcus mutans Formation 
The tooth from each group was transferred separately into the sterile tubes containing 1ml 
of sterile normal saline after an incubation period of 48hrs. All the tubes were vortexed for 2minutes 
to allow for the detachment of the adherent bacteria from the tooth. The vortexed saline suspension 
is then transferred to the sterile blood agar plates to make lawn culture and was further incubated at 
370C for 24 hrs to determine the viable count of bacteria. The number of colonies from each plate 
were counted manually and recorded for further analysis. These colonies represent the number of 
bacteria that were adhered on the surface of tooth. Test groups with differing concentrations were 
compared for statistical analysis. Decrease in the number of colonies indicates the efficacy of test 
compound (Ag, TiO2, ZnO nanoparticles) on the inhibition of Streptococcus mutans formation on the 
enamel surface of tooth. 
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Statistical Analysis 
Data were analyzed using IBM SPSS Statistics for Windows Software, version 22 (IBM 
Corp., Armonk, NY, USA). Descriptive statistics was used to calculate the minimum and maximum 
values, mean and standard deviation. The comparison between two or more groups was done by one 
way analysis of variance test and followed Bonefferini's post-hoc test. All p-values less than 0.05 
were statistically significant. 
 
Results 
Table 1 demonstrates a statistically significant difference in the colony forming units among 
all the three concentrations used with silver, titanium dioxide and zinc nanoparticles (p<0.0001) and 
the antimicrobial effect of the nanoparticles was concentration dependent. 
 
Table 1. Distribution of minimum, maximum, mean, and standard deviation (SD) values. 
Group N Minimum Maximum Mean SD p-Value 
Silver       
1% 5 320 600 454 105.3  
<0.0001 0.50% 5 978 1000 992 9.975 
0.25% 5 9850 10000 9940 73.82 
Titanium Dioxide       
1% 5 750 1000 898 107.3  
<0.0001 0.50% 5 1000 1500 1300 203.1 
0.25% 5 8950 10000 9692 458.4 
Zinc       
1% 5 980 1200 1054 94.8  
<0.0001  0.50% 5 8300 9900 8940 634.8 
0.25% 5 9540 10000 9854 185.7 
 
Inter group comparison of colony forming units with 1%, 0.5% and 0.25% of all the three test 
compound revealed that the colony forming units on the ZnO nanoparticles demonstrated highest 
value followed by TiO2 % and the least were with that of the Ag nano particles (Table 2). 
 
Table 2. The comparison of Colony Forming Units between the groups. 
 Colony Forming Units (CFU)  
Groups N Minimum Maximum Mean SD p-value 
1% Test Compound 
Ag 1% 5 320 600 454 105.3 
<0.0001 TiO2 1% 5 750 1000 898 107.3 
ZnO 1% 5 980 1200 1054 94.76 
0.5% Test Compound 
Ag 0.5% 5 978 1000 992 9.975  
<0.0001 TiO2 0.5% 5 1000 1500 1300 203.1 
ZnO 0.5% 5 8300 9900 8940 634.8 
0.25% Test Compound 
Ag 0.25% 5 9850 10000 9940 73.82  
0.414 TiO2 0.25% 5 8950 10000 9692 458.4 
ZnO 0.25% 5 9540 10000 9854 185.7 
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Pairwise comparisons within the subgroup 1% were made to evaluate the mean difference. A 
significant differences were observed between 1% Ag versus 1% ZnO and with 1% Ag versus 1% TiO2 
but no statistical difference was seen between 1% TiO2 versus 1% ZnO (Table 3). The comparisons 
within the subgroup 0.5% revealed significant differences between all the nanoparticles (Table 3) and 
pairwise comparisons within the subgroup 0.25% demonstrated no significant differences were 
between all the nanoparticles (Table 3). 
 
Table 3. Comparison of Colony Forming Units (CFU) with different 
percentage of test compound. 
Comparisons p-value 
1% Test Compound  
Ag 1% vs TiO2 1% 0.000 
Ag 1% vs ZnO 1% 0.000 
TiO2 1% vs ZnO 1% 0.014 
  
0.5% Test Compound  
Ag 0.5% vs TiO2 0.5% 0.003 
Ag 0.5% vs ZnO 0.5% 0.000 
TiO2 0.5% vs ZnO 0.5% 0.000 
  
0.25% Test Compound  
Ag 0.25% vs TiO2 0.25% 0.089 
Ag 0.25% vs ZnO 0.25% 0.121 
TiO2 0.25% vs ZnO 0.25% 0.162 
 
Discussion 
Different nanoparticles have attained huge enthusiasm throughout the years because of their 
notable antimicrobial properties. The incredible antibacterial impact of these nanostructured 
specialists is fundamentally ascribed to the increased surface area to volume ratio empowering more 
noteworthy latency of atoms on the surface, which provides maximum contact with the environment 
[14,15]. Likewise, the minimal size of nanoparticles enables penetration through cell membranes 
simpler, hence influencing intracellular processes bringing about enhanced reactivity and 
antimicrobial property [16]. 
It has been reported that Ag nanoparticles have antibacterial property against Streptococcus 
mutans and inhibits its growth [16]. Previous authors noted that orthodontic composite adhesives 
comprising of nanosilver fillers particles prevents enamel demineralization around bracket surfaces 
without arbitrating their physical properties [17]. 
In the present study 1% nanosilver content revealed highest antibacterial effect, similar to 
previous report [18]. Whereas another authors observed that 5% Ag/HA nanoparticles limits the 
growth of cariogenic bacteria and increasing the concentration of Ag/HA nanoparticles did not 
reveal any compelling curtailment [19].  
In spite of the fact that the exact antimicrobial mechanism of silver nanoparticles has not 
established, it has been proposed that catalytic action of silver converts the oxygen to active oxygen 
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by light energy in the air or water, since silver ion can aid electron deracination from a molecule. 
The active oxygen thus produced leads to structural damage in microbes, denaturation of proteins 
and enzymes of bacteria [20]. 
ZnO nanoparticles possess a broad range of antibacterial spectrum and can kill organisms, 
which cause caries [21]. These nanoparticles have scrupulous toxicity to bacteria, minimally 
affecting the human cells [22]. In the present study ZnO showed significant antimicrobial effects 
and the antimicrobial effect of the ZnO was concentration dependent. These findings agree with 
other studies [23,24]. It has been proposed that the antimicrobial action is due to blocking action of 
zinc on the electron-transport chain or by limiting the generation of ATP. Zinc is also known to 
hinder with transport activity by selectively blocking the membrane locations leading to 
conformational alterations in proteins and enzymes [25]. ZnO nanoparticles also known to act by 
generating reactive active oxygen species such as H2O2, which are known to hinder the growth of 
planktonic microbes [21]. 
TiO2 nano-particles are available in varying dimensions and crystalline structures and are 
recommended as suitable for adding into various dental materials. These nanoparticles are 
comparatively economical with exemplary mechanical properties and adorable color. The results of 
the present study revealed that 1% TiO2 nanoparticles (w/w) could significantly reduce bacterial 
growth and this finding was in accordance with previous observations [26,27]. 
Even though the employment of nanoparticles in the orthodontics speciality is picking up 
quality, a few confinements and disadvantages have likewise been additionally reported. Ag 
nanoparticles are thought to bring about a dark gray discoloration and are recommended as 
incompatible and not appropriate for use in dentistry. Zn based nanoparticles are thought to deliver 
extreme toxic impacts in animal studies [9]. 
No matter their ambiguous antimicrobial competency, incorporating the nanoparticles has 
been asserted to be inadmissible and also known to compromise the mechanical properties [26]. In 
agreement with this, our previous research revealed that incorporation of various nanoparticles into 
adhesive materials in minimal amounts can compromise the shear bond strength causing the failure 
of bracket or adhesive [28]. 
 
Conclusion 
Silver (Ag), zinc oxide (ZnO) and titanium dioxide (TiO2) showed significant antimicrobial 
effects. From the results of our study, it has also been concluded that as the concentration of the 
nanoparticles increases, antimicrobial activity significantly increases. 
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